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DIPHENYLUREA DERIVATIVES 

Field of the Invention: 

The present invention relates to diphenylurea derivatives which are potent in reducing a lipid level in 
blood and, therefore, useful as therapeutical medicines for hyperlipemia and atherosclerosis. 



Background of the Invention: 

Heretofore, it has been considered that metabolic error of lipids is one of the major dangerous factors 
causing an abnormal increase in and imbalance of a level of lipids in blood, which results in arteriosclerosis 
and finally, ischemic heart disease or cerebral embolism. 

Some kinds of diphenylurea derivatives are known to exhibits an effect for reducing the lipid level in 
blood (German Offenlegungsschrift No. 2928485). However, these compounds are not sufficiently potent in 
reducing the level of cholesterol in blood as therapeutical medicines for hyperlipemia. Thus, it is further 
demanded to develop a more potent medicine which can reduce the level of cholesterol in blood. 



Summary of the Invention: 




As a result of the extensive studies, the present inventors have revealed that a specific class of 
diphenylurea derivatives is potent in reducing the level of cholesterol in blood and shows an inhibitory 
activity of an enzyme, acyl coenzyme cholesterol acyltransferase (ACAT) which was recently reported to act 
an important role at cholesterol metabolism, and achieved the present invention.. 

Specifically, the present invention provides a diphenylurea derivative represented by the following 
formula (I): 



(I) 



wherein Ri is an alkyl group of 5 to 18 carbon atoms, each of R 2 and R 3 is independently an alky! group of 
1 to 5 carbon atoms, an alkoxy group of 1 to 5 carbon atoms or a halogen atom. R* is hydrogen atom, an ; 
alkyl group of 1 to 5 carbon atoms, an alkoxy group of 1 to 5 carbon atoms or a halogen atom, and X is 
oxygen atom or sulfur atom. 

The compounds according to the invention are potent in reducing the cholesterol level in serum, and 
accordingly, useful for treating hyperlipemia and atherosclerosis. 

Detailed Description of the Preferred Embodiments: 

The diphenylurea derivative according to the present invention is represented by the above formula (I). 

The examples of Ri in the formula (1), i.e., an alkyl group of 5 to 18 carbon atoms, include n-pentyl 
group, neopentyl group, isopentyl group, n-hexyl group, isohexyl group, n-heptyl group, n-octyl group, n- 
nonyl group, n-decyl group, n-undecyl group, n-dodecyl group, n-tridecyl group, n-tetradecy! group, n- 
pentadecyl group, n-hexadecyl group, n-heptadecyl group, and n-octadecyl group. As the alkyl group of 1 
to 5 carbon atoms of R 2 , R 3 and R*. there may be mentioned methyl group, ethyl group, n-propyl group, 
isopropyl group, n-butyl group, isobutyl group, t-butyl group, n-pentyl group, isopentyl group, sec-pentyl 
group, t-pentyl group, or neopentyl group. As the alkoxy group of 1 to 5 carbon atoms, there may be 
mentioned methoxy group, ethoxy group, n-propoxy group, isopropoxy group, n-butoxy group, isobutoxy 
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group, t-butoxy group, n-pentyloxy group, isopentyloxy group, sec-pentyloxy group, t-pentyloxy group, or 
neopentyloxy group. Furthermore, as the halogen atom, there may be mentioned fluorine atom, chlorine 
atom, or bromine atom. 

in the formula (I), Ri may preferably be a normal alky! group of 6 to 10 carbon atoms, and more 
preferably. Ri is present at 2- or 4-position of the benzene ring, and more preferably. R4 is hydrogen atom. 

The preferred examples of the compounds according to the present invention include those IFsted in the 
following Table 1 . 

Table 1 
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CI 
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CH 3 


CH 3 
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R 2 


R 3 


R 4 
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2 — n — C13H27 


CH 3 


CH 3 


4-CH 3 
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0 
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4-CH 3 
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2 — 11 — Ci$H33 


i — C3H7 


i - C 3 H 7 
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20 


2 — n — CigH33 


Cl 


Cl 
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2 — n — 0x6^33 


CH 3 


CH 3 


4-CH 3 


0 




2 — n — C17H35 


i — C3H7 


i — C3H7 
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25 


2 — n — C17H35 


Cl 


Cl 
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2 — n — C17H35 


CH 3 


CH 3 


4-CH 3 
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2 — n — C18H37 


i-C 3 H 7 


i-C 3 H 7 
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2 — n — C18H37 


Cl 


Cl 
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.0 


35 


2 — n — CxsH37 


CH 3 


. CH 3 


4-CH 3 
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i — C3H7 
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3 — n — CgHi3 


i — C3H7 


i - C 3 H 7 


H 
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40 


3 — n — C7H15 


i — C3H7 


i - C 3 H 7 
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i - C 3 H 7 
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45 


3 — n — C9H19 
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i - C 3 H 7 
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i - C 3 H 7 
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0 
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R 3 


R< 
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OCH3 


H 
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4 — n — CsHx7 
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4 — n — CsHi7 
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CH 3 
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4 — n — CfiHx7" r 
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F 
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CI 


CI 
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0 
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CI 
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CI 
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4 — n — CsH|7 


CI- 


CI 
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0 
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C2HS 
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R 2 


R 3 


R4 
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4 - n - C9H19 


i-C 3 H 7 


i — C 3 H 7 
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4 - n — C9H19 
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F 


H 
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4 ~ n — C9H19 


CI 


Cl 


H 
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4 — n — C9H19 


OCH3 


OCH 3 


H 
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4 — n — CgHjg 


C2H5 


CH 3 
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4 — n — C9H19 


sec - C4H9 


C2H5 
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4 — n — C9U19 


CH 3 


CH 3 


4-CH 3 
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4 — n — C9H19 
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4-F 
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4 — n — C9H19 


CI 


Cl 


4-C1 
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4 — 11 — C9H19 


OCH3 


OCH 3 


4-OCH 3 
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4 — 11 — C10H21 


C2H5 
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4 — n — C10H21 


i — C3H7 
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4 — 21 — C10H21 
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4 — n — C10S21 
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4-CH 3 
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i-C 3 H 7 
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4 — n — C11H23 
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4-CH 3 
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4 — n — C13H27 


CH 3 
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4-CH 3 
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4 - n - C14H29 


i-C 3 H 7 


i — C3H7 
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4 — 11 — C14H29 


CI 


Cl 


H 
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4 — n — C14H29 


CH 3 


CH 3 


4-CH 3 


0 


4 — n — C15H31 


i-C 3 H 7 


i-C 3 H 7 


H 
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4-n- C15H31 




Cl 
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4-n-C l5 H 3 i 


CH 3 


CH 3 


4-CH3 
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4 — n — C16H33 


i-C 3 H 7 


i - C 3 H 7 
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4 — n — CieH 3 3 


CI 


Cl 
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4 — 11 - 0x6^33 


CH 3 


CH 3 


4-CH 3 
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4 ~n— C17H35 


i — C3H7 


i-C 3 H 7 
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4-11-C17H35 


Cl 


Cl 
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4-11-C17H35 


CH 3 


CH 3 


4-CH 3 
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4.— 11 — CisH 3 7 


i — C3H7 


. i-C 3 H 7 
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0 


4 — n — C18H37 


Cl 


Cl 
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4 — n — Cigll37 


CH 3 


CH 3 
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0 



The above examples are those wherein X in the formula (1) is oxygen atom. The compounds of the 
bJESSITK Include those wherein X is suHur atom. The examples are shown ,n the followng 
Table 2. 
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Table 2 
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i - C3H7 
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Ri 


R 2 


R 3 


R4 
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CI 


Ci 
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4 - n — C9H19 
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. i-C 3 H 7 
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4-n — C9H19 
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OCH 3 


4-OCH 3 


S 
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S 


4 — n — CnH23 


i-C 3 H 7 


i-C 3 H 7 


H 


S 


4 — n — C12H25 


i - C3H7 


i-C 3 H 7 


H 


S 


4 — n — C13H27 


i - C3H7 


i-C 3 H 7 


H 


S 


4 — n — C14H29 


i-C 3 H 7 


i-C 3 H 7 ■ 


H 


S 


4-11-C15H31 


i-C 3 H 7 


i-C 3 H 7 


H 


S 


4 — n — C16H33 


i — C3H7 


i-C 3 H 7 


H 


S 


4-11-C17H35 


i-C 3 H 7 


i-C 3 H 7 


H 


S 


4 — n — C18H37 


i-C 3 H 7 


i-C 3 H 7 


H 


s 



It should be. however, understood that the present invention is not limited o the above, examples. 
The compounds of the present invention may be prepared, for example, according to the processes 
described below. 




(I) 
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(I) 



(IV) (V) 



MSjrfrQfil B-l 
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Method p-i 




en) 



(xn) 



(D ■ 



30 



35 



40 



45 



50 



55 




NHCS-R 



(IV) 



(XHD 



(n) 



(i) 



wherein. R,. R 2 . R,. R* and X are the same as defined above, Y is a .eaving group such as ohtorine atom 
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the Invention wherein X is oxygen atom by converting a benzoic acid derivative of the formula (VIM) into a 
phenyl isocyanate derivative of the formula (IX) and reacting the isocyanate derivative with an aniline 
derivative of the formula (II) in an similar manner to Method B-1 . 

According to Method C-1, an aniline derivative of the formula (ii) is treated with an activated derivative 
of carbonic acid such as phosgene or phenyl chloroformate to give a reactive intermediate of the formula 
(X) such as an arylcarbamyl chloride or an aryl ester of arylcarbamic acid, followed by reacting the 
intermediate with an aniline derivative of the formula (IV) at a temperature range of 0 C to ca. 100 C In the 
presence of an inert organic amine such as triethylamine or N.N-dimethylaniline in an inert solvent such as 
benzene, toluene, THF, chloroform or methylene chloride to obtain the compound (I) of the invention 
wherein X is oxygen atom. Method C-2 comprises the preparation of the compound (!) of the invention 
wherein X is oxygen atom by converting an aniline derivative of the formula (IV) into a reactive intermediate 
of the formula'"(XI) and reacting the resulting intermediate with an aniline derivative of the formula (II) in an 

similar manner to Method C-1 . 

According to Method D-1, an aniline derivative of the formula (II) is converted using different procedures 
to a reactive intermediate of the formula (XII), i.e., an alkyl thioester of arytthiocarbamic acid, followed by 
reacting the intermediate with an aniline derivative of the formula (IV) at a temperature range of 50 C to 
boiling temperature of the solvent used in an inert solvent such as benzene, toluene or xylene to obtain the 
compound (!) of the invention wherein X is sulfur atom. Method D-2 comprises the preparation of the 
compound (I) of the invention wherein X is sulfur atom by converting an aniline derivative of the formula (IV) 
into a reactive intermediate of the formula (Xlll) . i.e.; an alkyl thioester of arylthiocarbamic acid, and 
reacting the resulting intermediate with an aniline derivative of the formula (II) in an s.m.lar manner to 

M8t The Compound (I) of the invention prepared according to any of the above methods can be purified by 
recrystallization from hexane. heptane, chloroform or methanol, or column chromatography over silica gel 
2s after concentrating the liquid part of the reaction mixture. m . 

The present invention also provides an acyl coenzyme cholesterol acyltransferase inhibitor W 
diphenylurea derivative as defined hereinbefore as active ingredient The inh.b.tor may be adm.n.strated. 

preferably, orally to a human patient. ^ni^mta an H 

The present invention further provides a pharmaceutical compos.t.on for treating hyperlipemia and 
30 atherosclerosis comprising a therapeuticaliy effective amount of a dipheny urea 

hereinbefore, in admixture with a pharmaceutical^ acceptable carrier, diluent or a mixture thereof. The 
composition may be administrated, preferably, orally to a patient ltMMtr J or 

The formulation for the oral administration may be tablet, granule, powder, capsule, etc. The .nh.b. or o 
pharmaceuTca. composition may further inciude usual additives known in the art. for example, an exc,p«ent 
such as glucose, lactose, corn starch or mannitol. a binder such as hydroxypropyl <^ C >^ 
carboxymethyl cellulose (CMC), a disintegrating agent such as- starch or powdery gelatm. a lubncatmg 
agent such as talc or magnesium stearate. ...... . frnm 

The dose of the compound according to the present invention, in the case of oral ad™^on ,s from 
1 mo to 1000 mg per day for an adult, which may vary depending on the age. health conditions, body 
< 0 weTght of the patient as well as. if present, the type, frequency and desired effects of co-treatment 

Examples: 

The present invention is further illustrated in detail with reference to the following examples. It should be 
understood that the present invention is not limited solely to those examples. 



35 



Example 1 



60 



55 



Preparation of i.(4-octylphenyl)-3-(2.6-dichlorophenyl)urea (Compound No. 2 in Table 3) 

To 10.6 ml (5.3 mmol) of a toluene solution of 0.50M 2.6-dichlorophenyl isocyanate was i added 1 1*1 ml 
(5.32 mmol) of 4-octy. aniline at room temperature and the whole was stirred for 16 hours After removal of 
tf» solvent under reduced pressure, the residue was recrystallized from methanol to give 1 42 ! g (68% 
yield) of i-(4K,ctylphenyl)-3-(2.6-dichlorophenyl)urea 1 the physical propert.es of wh.ch bsmg shown m the 
following Table Z The compounds No. 1. No. 13. No. 14. No. 17. and No. 18 l.sted .n Table 3 were s.milarly 
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70 



J5 



prepared as above. 
Example 2 

Preparation of 1-(4-nonylphenyl)-3-(2.6-diisopropylphenyl)urea (Compound No. 19 in i Table 3) 

To a 10 ml toluene solution of 1.0 g (4.04 mmol) of 4-nonylbenzoic acid was added 0.66 ml (4 28 mmol) 
of triethylamine. After stirring at room temperature for 15 minutes. 0.89 ml (4.12 mmol) of DPPA (djPtenoKy 
phosphory. azide) was added to the mixture. The whole was heated for 2 hours under reflux and then 
cooled to room temperature. After the addition of 0.77 ml (4.08 mmol) of 2.6-diisopropy^ne J» 
mixture was stirred for 16 hours and then concentrated. The residue was purrfie d by - Jjj^j* J*T 
chromatography over silica gel (eluent: n-hexane/chloroform = 1/1) to g.ve 1.07 g (92 A y»eld ) o 1<* 
nonyTphenV3-(2.6-diisopropylpheny. ) urea. the physica. properties of ^ch f.ng shown 
Table 3. The compounds No. 5, No.6, No. 7, No. 8. No.9. No. 10, No. 12. No. 16. No. 20, No. 21. No. 22. 
No. 23. and No. 26 listed in Table 3 were similarly prepared as above. 



zo Example 3 

Preparation of i-(4-octylphenyl)-3-(2.4.6-frichlophenyl)urea (Compound No. 3 in Table 3) 

A 10 ml methylene chloride solution of 1.0 g (5.09 mmol) of 2.4.6-trichloroani.ine was added dropwise 
over 2 minutes to a 10 ml methylene chloride solution of 0.6 ml (4.97 mmol) of ^™™W<™^ 

No. 4 and No. 11 listed in Table 3 were similarly prepared as above. 
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Example 4 



Preparalion o! ,.|4^ylpta n yfl-3-(2,W» sopropylphenyDWourea (Compound No. 15 In Tabl. 3) 

To a 10 ml N.N^momylformami* solution ol 1.0 g (4.87 mmo,) « ^'""'i 1 ™ ^ 

physical properties of the compound are shown in the following Table 3. 



50 



Example 5 



Pr^ti™ of i- f2 .hexyiphenyl)-3-(2.6-diisopropylphenyl)ure a (Compound Na 24 in Table 3) 

■ M n ao „ to mmol. of 2-hexylaniline was added 5 ml (2.35 mmol) of a 
for 16 hours. The precipitated crystals were collected by filtraton to give 0.55 g (61 y.e.o. 
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hexylphenyl)-3-(2,6-diisopropylphenyl)urea. the physical properties of which being shown in the following 
Table 3. The compound No. 25 listed in Table 3 was similarly prepared as above. 
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Test Example 1_ 

The effect of reducing a lipid level in biood by the action of the compounds according to the present 
invention was determined as follows: 

Male golden Syrian hamsters weighing from 80 to 100 g were randomly divided into groups. The 
hamsters were first fed standard laboratory diets (solid feed MM for mouse/rat/hamster, manufactured by 
Oriental Yeast Industries, KK) for 3 days. Then, they were fed the experimental diet containing 1% 
cholesterol and 0.5% cholic acid (manufactured by Oriental Yeast Industries, KK), ad libitum. At the same 
time the compounds of the invention formulated in a shown dose (25 mg or 50 mg/10 ml water/kg) were 
administrated to the animals orally once a day at a determined time for 5 days. Water was administrated 
orally to the hamsters of control group in an amount of 10 ml per 1 kg of body weight After five days of 
administrating the compounds, they were anesthetized with Pentobarbital Na (Nembutal injection, manufac- 
tured by Dainabbot) and three hours after the final administration of the test compound, a blood samples (2- 
3 ml) was taken from abdominal cava. The serum was separated by centrifuging. 

The cholesterol level in the serum was determined by using a blood cholesterol _ measuring kit 
Determinates manufactured by Kyowa Medix Co. The results are represented by percent .nh.bitoo ci i (%) of 
cholesterol level in serum relative to" that of the control group, and shown in the following Table 4, each 
compound number corresponding to that in the above Table 3. 

Table 4 





Percent inhibition of 




cholesterol in serum (%) 


Compound 


25 mg/kg 


5 mg/kg 


No. 






2 


49 




4 


55 




5 


44 




7 


48 




8 


55 


35 


11 


47 




12 


54 




13 


54 




16 


34 




17 


60 




18 


49 




19 


64 




20 


59 




26 1J 


19 





1) Compound No. 26 was used as reference. 



so 



Test Example 2 

The ACAT inhibitory action of the compounds according to the present invention was measured as 

f0 " 0 ^CAT activity in the hamster microsomes was determined by measuring the ^e of radi o-active 
55 cholesWrC] oleate formation from cholesterol and radio-labelled oleoyl coenzyme A ("C) w ,th or 

W ' ,th ScuStion7of "cso value were made using data of the percent inhibition at each compound 
conceSon The results are shown in the toUowing Table 5. each compound number correspond^ to 
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that in Table 3. 

Table5 



Compound 
No. 


ACAT inhibitory 
activity IC 50 (uM) 


8 


0.004 


17 


0.011 


18 


0.006 


19 


0.010 


20 


0.012 



75 



Test example 3 



Acute toxicity test 

A compound according to the present invention suspended in a 1% tragacanth solution was ad- 
ministrated orally to SD male and female rats. Then, the number of fatal rats was counted during seven day 
observation. The LDso value is shown in the following Table 6. the compound number corresponding to that 
25 in the above Table 3. 



Table 6 



Compound 
No. 


LDso 
(mg/kg 
P.O.) 


8 


>2000 



Examples of formulation 

40 

(1) Tablet 

The following ingredients were mixed according to the usual manner and compressed to a 
45 a conventional machine. 



Compound No. 8 


10 


mg 


Crystalline cellulose 


21 


mg 


Corn starch 


33 


mg 


Lactose 


65 


mg 


Magnesium stearate 


1.3 


mg 



55 

(2) Soft capsule 
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The following ingredients were mixed according to the usual manner and packed into a soft capsule. 



Compound No. 8 


10 mg 


Olive oil 


105 mg 


Lecithine 


6.5 mg 



10 



15 



20 



Claims 

1. A diphenylurea derivative represented by the following formula (I): 

R 3 



(I) 



25 



30 



35 



wherein R, is an alky! group of 5 to 18 carbon atoms, each of R 2 and R 3 is independently an alkyl group of 
1 to 5 carbon atoms, an alkoxy group of 1 to 5 carbon atoms or a halogen atom, FU Is hydrogen atom an 
alkyl group of 1 to 5 carbon atoms, an alkoxy group of 1 to 5 carbon atoms or a halogen atom, and X is 
oxygen atom or sulfur atom. 

2. A diphenylurea derivative as defined in claim 1. wherein Ri is a normal alkyl group of 6 to .10 carbon 

3°Adiphenylurea derivative as defined in claim 2. wherein R, is present at 2- or 4-position. 

4 A diphenylurea derivative as defined in claim 3. wherein R* is hydrogen atom. 

5 An acyl coenzyme cholesterol acyltransferase inhibitor comprising a diphenylurea denvat.ve as defined In 

T^ST^o* for treating hyperlipemia and atheroscierosis comprising a = ^,y 
effective amount of a diphenylurea derivative as defined in claim 1. in admixture with a pharmaceutical^ 
acceptable carrier, diluent, or a mixture thereof. 

7. A process for preparing a diphenylurea derivative as defined in claim 1. which comprises 
A) reacting an aniline derivative of the following formula (II) [or (IV)] 



40 



45 



en) 



(IV) 



50 



wherein. Ri. Rt, R 3 and FU are the same as defined above, with a phenyl isocyanate or isothiocyanate 
derivative of the following formula (111) [or (V)] 



55 
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(in) 



NCX (kJ)~ HCX 
(V) 



wherein. R,. R,. R». R« and X are the same as defined above, in an inert solvent at a temperature range 
ofO'Ctoca. 150* C; 

B) converting a benzoic acid derivative of the following formula (VI) [or (VIII)] 




COOH 



(VI) 



(vin) 



COOH 



wherein, Ri, Ra. Rs and R* are .the same as 
derivative of the following formula (VII) [or (IX)] 



defined above, into a corresponding phenyl isocyanate 



,<S>- Nco 



(VII) 



(IX) 



wherein, R,. R, R 3 and R. are the same as defined ^^^TX^^ ^Troom 

ssler w.-s ^=Wlr^ 7fc formu,a (,V) tor 001 

rift t» IsoeyanM. (VI.) l« (IX)) « VT*T7,,^f w» an^V«.d OxMlh. of ottnte add 
(XI)] such as an arylcarbamyl chloride or an aryl ester of arylcarbam.c acd. 



Mr 



NHC-Y 



(X) 



wherein, R,, R 2 , Ra and FU are the same as 



• R 3 



0 
II 

NHC-Y 



(XI) 

defined above and Y is a leaving group such as chlorine 
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atom or aryloxy group, and reacting the intermediate with an aniline derivative of the formula (IV) [or (II)] 
at a temperature range of 0* C to ca. 100* C in the presence of an inert organic amine in an inert solvent 
to obtain the compound (I) of the invention wherein X is oxygen atom; or 

D) converting an aniiine derivative of the formula (I!) [or (IV)] to a reactive intermediate of the following 
formula (XII) [or (XIII)] , i.e., an alkyl thioester of arylthiocarbamic acid, 




( xn ) (xm) 



wherein R 1 R 2 , R 3 and FU are the same as defined above and R is an alkyl group of 1 to 3 carbon 
atoms and reading the intermediate with an aniline derivative of the formula (IV) [or (II)] at a temperature 
range of 50* C to boiling temperature of the solvent used in an inert solvent to obtain the compound (I) of 
the invention wherein X is sulfur atom. 
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